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1. Introduction. The GNSS relative positioning is one of the positioning methods which can provide most precise relative position between a receiver at a known point (reference station) and a receiver at a unknown point (rover station). In general relative positioning method, the unknown position is estimated by using so-called double differences of pseudorange and carrier phase measurements obtained by the receivers [4, 5] .
Generally, the dominant error sources of the estimated unknown position are the ionospheric and tropospheric delays of waves from satellites. However, if the distance between the receivers is not so long (generally less than 20 [km]), they can be canceled out by applying the double differencing technique because the propagation paths of the waves can be assumed to be almost the same, so that the ionospheric and tropospheric delays also can be assumed to be almost the same.
On the other hand, the double differencing technique is no longer effective for the medium and long baselines (more than 20 [km]) positioning due to large differences of the ionospheric and the tropospheric delays between the reference and rover GNSS receiver stations. For long baseline positioning, it is extremely important to obtain accurate information of the ionospheric and tropospheric delays in order to achieve rapid and accurate positioning results. Therefore, in this paper we propose the long baseline relative positioning algorithms with simultaneously estimating the ionospheric and tropospheric delays and their gradients at the reference and rover stations as the state variables in the Kalman filter.
In our previous research [6, 7] , for the tropospheric delays, we have applied the formula which expresses the total tropospheric delay as the sum of the zenith hydrostatic and wet delays multiplied by mapping functions. Then we assume that the zenith hydrostatic
